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$k[\mathrm{x}]=k$ [x1, .. . , $x_{n}$]($k$ , $n$ ) , $\mathrm{a}=(a_{1}, \ldots,a_{n})\in \mathrm{N}^{n}$
$\mathrm{x}^{\mathrm{a}}=x_{1}^{a_{1}}x_{2}^{a_{2}}\cdots x_{n}^{a_{n}}$ . $A\epsilon_{-}\mathbb{Z}^{d\mathrm{x}}$ n , }$\backslash -$ $I_{A}$
.
$I_{A}=(\mathrm{x}^{\mathrm{u}}-\mathrm{x}^{\mathrm{v}}| A\mathrm{u}=A\mathrm{v} \mathrm{u},\mathrm{v}\in \mathrm{N}^{n})$
$A\in \mathbb{Z}^{d\mathrm{x}}$






, $\succ$ . $f\in I_{A}$ , $f$ $\succ$ $f$
(initial term) , in (f) . $G_{\succ}(I_{A})$ ,
1
$G_{\succ}(I_{A})=\{g1, . . ., g_{s}\}\subseteq I_{A}$ $in_{\succ}(I_{A})=\langle in_{\succ}(g_{1}), \ldots, in_{\succ}(g_{s})\rangle$ , $G_{\succ}(I_{A})$ $I_{A}$
$\succ$ . , $i$ in,(g 1 ,
$in_{\succ}(gj)(i\neq j)$ $|\mathrm{J}$ , $G_{\succ}(IA)$ (reduced) .
, .
$\mathrm{A}$ 1( )





for each pair $\{p, q\},p\neq q\in G’$ $\{$$-l$$S=Spol(p, q)$ ;
if $S\neq 0$ then $G=G\cup\{S\}j$
$\}$






, $F_{4}$ $F_{5}$ .
3 $F_{4}$
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3.1 Symbolic Preprocessing
, $S$- $F$ , $G$ , $F$
$G$ ( )Red , (Symbolic Preprocessing) .
2(Symbolic Preprocessing)
: $S$- $F$ , $G$
:Red $=$ {$ah|a$ , $h\in G$}




vvhile $(\exists g\in G, \exists t\in T|in_{\succ}(g)$ divides $t$ )
$Red=Red$ $\cup\{t/in_{\succ}(g)\cdot g\})$.
$T=(T\backslash \{t\})\cup T(reductum(t/in_{\succ}(g)\cdot g))$ ;
$\}$
, $T$ (f) $f$ , reductum(f) $f$ .
, $F$ ( )
. , , ,
.
3.2
$F\cup Red$ $T$ , $T$ $\succ$ $t_{1}\succ t_{2}\succ\cdots$
. $f$ $\sum_{:}$ aiti : $a_{i}\in k$ (k ) , $f$ )$\mathrm{s}(a_{1} a_{2}\cdots)$ .
, $v$ poly(v) .
$f_{:}$ $=$ $(f:1f:2 \ldots)$ poly(f:)\in F, $f_{*k}.\in k$
$rj$ $=$ $(rj1rj2\ldots)$ poly $(rj)\in Red,$ $rjk\in k$
, $A$
$A=(\begin{array}{lll}f_{111} f_{12} .\cdot f_{21} f_{22} .\cdot r_{11} r_{12} .\cdot r1 r_{22} \cdots\end{array}\}$ $B=(\begin{array}{lllllll}\mathrm{l} 0 ? ? ? 0 0 1 ? ? ? 0 0 0 0 0 1 0 0 0 0 0 \cdots\end{array})$
. , , ( ) $B$ . $B$ ,
.
. poly(B.$\cdot$ )\neq 0 , $poly(B_{k})(k\neq i)$ $in_{\succ}$ (poly(Bi)) .
, poly(B , $in_{\succ}$ ($poly($Bi)) $\{in_{\succ}(r)|r\in Red\}$ , $F$
$G$ .
3.3 $F_{4}$
$\ovalbox{\tt\small REJECT}$ , 10
[7]. , , , .






$A\in \mathbb{Z}^{d\mathrm{x}}$n , $n$ . .. $A$ , $i$ 1, $j$ -1 , $(i,j)$ .
, .
1. $A$ , $d$ .
2. 1. , .
3. 2. $G_{1},$ $\ldots,$ $G_{i}$ , $G_{i}$ $g_{\dot{2}}$ .
$G_{i}$ , $G_{i}$ $\mathit{9}i$ $gi$ .
$\text{ }\cdot$ , . , ( $=$ $A$
) , .
$\mathrm{f}\mathrm{f}\mathrm{i}|\rfloor 1\acute{\uparrow}\overline{\tau}F|\mathrm{J}A=(_{1}^{1}100$ $-10000$ $00001$ $-10001$ $-1-1000$
$-100$)$00$ , 1 .
$\{\{1,2,5\}, \{3,4, 6\}\}$ .
1: $A$ ( ) ( )
, .
,
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$f_{m}$ $k$ [x1, . . . , $x_{n}$ ] . $\mathrm{F}_{i}$ $k[x1, . . . , x_{n}]^{m}$ $i$ ,
$v$ .
$v(\mathrm{g}=(g_{1}k[x_{1}, ..,\cdot.’.x_{n}.,]^{m}g_{m})$ $arrow\mapsto$ $k[x_{1}, \ldots,x_{n}]\sum_{i=1}^{m}f_{i}g_{i})$
, $v( \mathrm{F}_{i})=f_{i},\mathrm{g}=\sum_{i=1}^{m}g$iFi . , $k[x1, ...,x_{n}]^{m}$ $\prec$ .
$\sum_{k=}^{m}\dot{.}g_{k}\mathrm{F}_{k}\prec\sum_{k=j}^{m}h_{k}\mathrm{F}_{\mathrm{k}}$ iff ($i>j$ and $h_{j}\neq 0$) or ($i=j$ and $\mathrm{H}\mathrm{T}(g_{i})<\mathrm{H}\mathrm{T}(h_{i})$ )
$\mathrm{g}$ index $i$ $\lceil \mathrm{g}=\sum_{k=:}^{m}g$’Fk $g_{i}\neq 0$ $i$ , $\prec$ , $in_{\prec}(\mathrm{g})=\mathrm{H}\mathrm{T}(g:)\mathrm{F}_{i}$
. , $\langle f1, \ldots, f_{m}\rangle$ , $W(t)=$ { $\mathrm{g}\in k[$x1, ..., $x_{n}]^{m}|\mathrm{H}\mathrm{T}(v(\mathrm{g}))=t$}
$\langle$ .
3
$\omega$ ($t| arrow\min_{\prec}W$(t)) . , $p$ , $p$ signature $S$ (r) $in_{\prec}(\omega(\mathrm{H}\mathrm{T}(p)))$
.
$\ovalbox{\tt\small REJECT}$ 7\sim , $f_{i}$ , signature $r_{\mathrm{i}}=(\mathrm{S}(r_{i}),poly(r_{i})=f_{i})$
. $R$ .
4
$P$ $R$ , $r\in R,$ $t$ \in R . poly(r)
$f=pdy(r)= \sum_{p\in P}m_{p}p$
$m_{\mathrm{p}}\in k[x_{1}$ , ..., $x_{n}]$
, $p\in P$ $\mathrm{H}\mathrm{T}(poly(t))>\mathrm{H}\mathrm{T}(m_{\mathrm{p}}\cdot oly\omega))$ $S(t)[succeq] m_{\mathrm{p}}\cdot \mathrm{S}$ (p) ,
$r$ $t$-representation , $f=o_{P}$ (t) .
5
$(r_{\dot{l}},r\mathrm{j})\in R^{2}$ normalized , .. $r\in R$ signature $e\mathrm{F}_{k}$ . $e$ $\langle$ $f_{k+1},$ $\ldots,$ $f$m $\rangle$ , $r$
normalized 1).. $ur=$ (uS(r), $u$ .poly(r)) normalized , $R$ $(u, r)$ normalized
.. $r:,$ $r_{j}\in R$ . $\tau_{\dot{\iota},j}$ poly(r:), $poly(r_{j})$ LCM, $u:=\mathcal{T}.\cdot,j/\mathrm{H}\mathrm{T}(poly(r\dot{.})),$ $u$j $=$
$\tau\dot{.},j/\mathrm{H}\mathrm{T}$ (poly(rj)) . $(u_{i}, r_{i})$ $(u_{j}, r_{j})$ normalized , $(r:, r_{\mathrm{j}})\in R^{2}$
normalized .
, $F_{5}$ criterion .
6(new criterion)
$F=\{f1, ..., f_{m}\}$ . $G=\{l,$ ... , $r_{N}\}\in R^{N}$ 2
$1)F\mathrm{s}$ ($f_{k+1},$ $\ldots,$ $f$m $\rangle$ ,
III-5
21
1. $F\subset poly(G)$ .
2. $(r_{i}, rj)$ normalized $(i,j)\in$ $\{$ 1, . . ., $N\}$ , Spol ($g_{i},$ $garrow=\mathit{0}_{G_{1}}$ (uir .
, $G_{1}=$ { $g1,$ . . ., $g_{N}|g_{l}$. $=$ poly(ri)}, $u_{i}=\mathrm{L}\mathrm{C}\mathrm{M}(\mathrm{H}\mathrm{T}(g_{i}), \mathrm{H}\mathrm{T}(g_{\theta}))/\mathrm{H}\mathrm{T}(g_{i})$ .
, $G_{1}$ $\langle f1, \ldots, f_{m}\rangle$ .
, criterion , [5] .
5
$A_{n}$ , CoCoA [1] ,
Asir .
. $A_{n}=(1$ 2 $n$ ) , $\langle x_{1}^{2}-x_{2},x_{1}x_{2}-x_{3}, ..., x_{1}x_{n-1}-x_{n}\rangle$
, . ( ) 10
40 , Asir (gr), $F_{4}(\mathrm{d}\mathrm{p}_{-}\mathrm{f}4_{-}\mathrm{m}\mathrm{a}\mathrm{i}\mathrm{n})$ , $F_{4}$ , Asir
$F_{5}$ . $\mathrm{g}\mathrm{r},F_{4}$ ,
( $F_{4}$ , Symbolic Preprocessing + ) ,
1: A $(\mathrm{b}^{\mathrm{J}\backslash })$
$n\sigma)\varphi \text{ }$ (gr) $F_{4}$ $F_{4}$ $F$5
–
$\frac{1}{1}---05$
0.04826(0.004) 0.3582(0.248) 0.04848(0.004) 0.1001
0.4298(0.044) $3.00\underline{4\underline{(}}2.569)$ $0.\underline{2}55\underline{(}\underline{0}.032)-$ 0.3944
20 1.935(0.266) 19.08(18.52)- $\underline{1.044}\underline{(}0.171$ )
$-$
1.719





35 61.6(6.402) 764.8(750.3) 19.55(3.791) 37.48
40 155.6(14.07) 1832(1800) 42.14(8.086) 84.46
2: $A_{n}$ ( )
$n\text{ }\Psi \text{ }\lambda$
.
(g) $F_{4}$ $F_{4}$ $\ovalbox{\tt\small REJECT}$
–
10 0.1342(0.010) 0.8391(0.672) 0.1304(0.020) 0.5125




25 9.387(2.369) $3\underline{2}2_{-}.\underline{2}\underline{(}315.8)-$ 13.38(6.158)– $–\underline{8}03.8$
30 26.23(6.301) 1336(1318) 40.65(18.84)3341
35 $70.28(16.\underline{2}\underline{3})$ $4578(\underline{4}\underline{5}26)--$ 113.4(53.70)12350
40 $1\underline{6}8.7(36.04)$ $243\underline{2}0\underline{(}24150)--$ 273(127.9) [too large]
, $F_{4}$ 2 . $n=20$
, $S$- . 0 S-
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sugar $S$- 0 S-
3 171 17 171
–
4 2118 492 9
5 168 $32\overline{3}-$ 6
6\sim 21 20\sim 100 300\sim 400 1\sim 5
22 18 . 434 0( )
6
, $F_{4}$ , $F_{5}$ . , $F_{4}$
, , 1 $n$ $A_{n}$ ,
, $\mathrm{g}\mathrm{r}$ . , ,





, $F_{5}$ , ,
, . , sugar
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